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(57) Abréegée/Abstract:

A slag cement having an improved early strength and containing aluminosilicates, blast furnace slag, clinker and CaSO,, has a
content of 70 to 95% by weight of blast furnace slag used in the ground form at >4,500 Blaine (cm?/g) with no more than half of this
portion being substitutable by aluminosilicates such as fly ash, alumina, marl or the like, 0.1 to 2% by weight of clinker, sulfate In
amounts of below 5% by weight, calculated as SO, and 0.3 to 1% by weight of a superliquifier such as, e.g., naphthalene

sulfonate.
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Abstract:

A slag cement having an improved early strength and containing
aluminosilicates, blast furnace slag, clinker and CaS04, has a

content of 70 to 95% by weight of blast furnace slag used in
the ground form at >4,500 Blaine ('cmz/g) with no more than
half of this portion being substitutable by aluminosilicates
such as fly ash, alumina, marl or the like, 0.1 to 2% by

weight of clinker, sulfate in amounts of below 5% by weight,
calculated as S03, and 0.3 to 1% by weight of a superliquifier

such as, e.qg., naphthalene sulfonate.
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Slag Cement

The invention relates to a slag cement having an 1improved
early strength and containing blast furnace slag,
aluminosilicates, clinker and CaS04.

Slag cements of various compositions have already been known
for quite some time. Slag cements, as a rule, contain a
maximum of 50% by weight of blast furnace slag. Such slag
cements or metallurgical cements usually contain approximately
15% by weight of CaS04 with a view to obtaining acceptable
early strengths. While calcium sulfate and anhydrite contents

are determining factors for early strengths, the appropriate
strengths after complete hardening will be ensured by the

hydration of blast furnace slag. In-addition to slag sand and
gypsum, such slag cements or metallurgical cements, as a rule,

also contain approximately 5% by weight of clinker.

In order to obtain acceptable early strengths, no more than

50% o0f blast furnace slag and approximately 15% of calcium

L.

sulfate or anhydrite have so far been used for metallurgical
cements, the addition of clinker having been considered as
decisive for the onset of hardening.

Metallurgical cements having such compositions have already
been produced for more than 60 vears with Dbut slight
modifications. During the same period, the composition of
blast furnace slag has, however, largely changed such that the
briginal early strengths have not been readily obtainable with
unaltered compositions.

In principle, 1t 1s conceivable to raise the portion of
calcium sulfate or anhydrite 1n order to increase the early
strength. However, such supersulfated cements, as a rule,

require additional activation. Alkali activation constitutes
an 1important cost factor with such cement compositions.
Alkali-activated supersulfated cements containing high
portions of cement kiln dusts are described in WO 00/00447. In
the event of such cements, it has already been proposed to
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replace part of the blast furnace slag with fly ashes or clays
including no more the 5% by weight of Al203, with alkali metal

salts and alkali hydroxides for activation, and CaS04 in
amounts of more than 5% by weight, having been added in order
to attain the desired strength properties.

The 1nvention aims to provide a metallurgical cement of the
initially defined kind, with which high early strengths at low
CaS04 or anhydrite contents can be obtained. To solve this
object, the slag cement or metallurgical cement according to
the 1nvention 1s essentially characterized by a content of 70
to 95% by weight of blast furnace slag used in the ground form
at >4,500 Blaine (cmz/g) with no more than half of this
portion being substitutable by aluminosilicates such as fly

F

ash, alumina, marl or the 1like, 0.1 to 2% by weight of

clinker, sulfate in amounts of below 5% by weight, calculated
as S03, and 0.3 to 1% by weight of a superligquifier such as,

e.g., naphthalene sulfonate. It has now been surprisingly
shown that, with the composition according to the invention,
the portion of accordingly finely ground blast furnace slag
can be substantially 1increased and an appropriate early

strength can be obtained at a substantially reduced portion of
calcium sulfate, 1if 0.3 to 1% by weight of a superliquifier
like naphthalene sulfonate is added while the portion of

clinker 1is reduced, so that surprisingly high early strengths

will be observed at a reduced quantity of calcium sulfate and
a reduced quantity of clinker amounting to 0.1 to 2% by
welght. This unexpected effect is supposed to be partially due
to the fact that, by the addition of a superliguifier 1like
naphthalene sulfonate, substantially lower water/cement ratios
can be applied without losing any of the flow properties. At
the same time, the decrease of the clinker content as compared
to conventional compositions apparently causes Al903 to form
ettringite as a hydration product from the portion of blast

furnace slag or the aluminosilicates, respectively, which

reacts with sulfate, whereby the early strength is
substantially improved. A higher portion of clinker wil]

necessarily result in a higher portion of Ca0O, and that is
supposed to cause an 1nhibition of Al903 dissolution and hence
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a poorer early strength development. Yet, no clinker at all
would entail a substantial deterioration of the early
strength. At the same time, the limitation of the CaSO0s
portion to values of far below 15% guarantees that a cost-
intensive and cumbersome alkalil activation aimed to increase

the early strength will become dispensable. Overall, it has
also turned out in a surprising manner that blast furnace slag

can be used 1n amounts of up to 95% by weight without any loss

0f the early strength, i1f the marginal conditions for the
clinker content and the sulfate content as well as the portion
of superliquifier are, at the same time, observed. In respect

to strength development, i1t is of decisive importance to use
an accordingly fine blast furnace slag sand, and the cement
mixture according to the invention is, therefore, devised such
that blast furnace slag is used in the ground form at >4,500

Blaine (cmz/g). Such a finely ground slag sand, together with

p— ~—y

slight portions of a superliquifier and, in particular,

naphthalene sulfonate in amounts ranging from 0.3 to 1% by
welght, will result in a particularly good processability of

the mixture with high early strengths and high final strengths
being attained. In order to promote the formation of
ettringite, the amount of gypsum or calcium sulfate or

anhydrite must be accordingly limited, as already mentioned in
the beginning.

The metallurgical cement or slag cement according to the
invention advantageously contains clinker in an amount of
approximately 1% by weight.

Especially high final strengths and an excellent
processability will be ensured in that blast furnace slag at
>5,000 sz/g Blaine 1is used with gypsum being preferably
employed 1n amounts of <5% by weight.

In the following, the invention will be explained in more
detaill by way of the strength developments of different
compositions.
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Fig. 1 of the drawing illustrates the strength course of a
mixture of blast furnace slag and 10% CaS0O4 as a function of
the clinker portion; Fig. 2 shows the strength course of blast
furnace slag, 10% gypsum and 0.7% naphthalene sulfonate as a
function of the clinker portion; and Fig. 3 depicts the
strength course of a slag cement according to the invention,
which contains blast furnace slag, 5% CaS0O4 and 0.7%
naphthalene sulfonate, as a function of the c¢linker content,

in weight %.

In Fig. 1, blast furnace slag having a grinding fineness of
5000 cmz/g Blaine was supplemented with 10% gypsum, and
clinker was added. Fig. 1 depicts three curves for the
strength behavior as a function of the clinker portion after 1
day, after 2 days and after 7 days, and 1t 1s apparent that
the maximum final strengths can be obtained within a range of
between 1 and 2% by weight of clinker. This mixture was,
however, characterized by unfavorable processing gqualities,

requlring a relatively high water/cement ratio.

For the mixtures according to Figs. 2 and 3, 5% by weight of
gypsum was used in each case. The addition of 0.7% by weight
of naphthalene sulfonate vielded a higher early strength with
a maximum between 1 and 2% by weight of clinker at a

simultaneously higher final strength, as illustrated in Fig.
3.

In the main, 1t has, thus, been surprisingly shown that a
readily processable slag cement 1i1ncluding portions of blast
furnace slag sand ranging between 85 and 89% by weight could
be obtained at a limitation of the clinker portion to values

of between 1 and 2% and a simultaneously low portion of
gypsum. As opposed to previous views that early strengths
could only be a matter of elevated calcium sulfate or
anhydrite portions, i1t has become feasible by the cOmposition.-

according to the invention to obtain a good processability and

high early strengths at substantially reduced portions of
calcium sulfate.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A slag cement comprising aluminosilicates, blast
furnace slag, clinker and CaS0O,, having a content of 70 to
05% by weight of blast furnace slag used in ground form at
>4,500 Blaine (cm?/g) with no more than half of this portion
being substituted by the aluminosilicates, 0.1 to 2% by
welght of clinker, sulfate 1n an amount of below 5% by
weight, calculated as S0O3, and 0.3 to 1% by weight of a

superliquifier.

2. A slag cement according to claim 1, whereln the

clinker 1s used 1n an amount of approximately 1% by weight.

3. A slag cement according to claim 1 or 2, wherein blast

furnace slag at >5,000 cm’/g Blaine is used.

4., A slag cement according to claim 1, 2 or 3, wherein
the aluminosilicates comprise fly ash, alumina or marl, or

any combinatlion thereof.

5. A slag cement according to any one of claims 1 to 4,

wherein the superliquifier is naphthalene sulfonate.
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% clinker

blast furnace slaé, 5% gypsum, 0% naphthalene sylfate

Fig. 2

strength (MPa)

% clinker

blast furnace slag, 5% gypsum, 0,7% naphthalene sulfate

Fig. 3
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